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A series of special features of the equatorial ionosphere /3*
 
--the anomalous electron density [1], the appearance of ions in
 
the wake of meteors and the fall in the concentration of charged
 
particles at the altitude of the night-time F layer [2,3], the
 
generation of plasma inhomogeneities responsible for the F-layer
 
dispersion in the equatorial ionosphere [41--have usually been
 
related to the disturbing action of the E X H -drift of ioniza­
'tion close to the geomagnetic equator. In order to explain the
 
role of fields of equatorial electric flow in the formation of
 
the equatorial ionosphere and to evaluate the contribution of
 
-- 4-
E X H -drift to the distribution of ionization in the equatorial
 
regions, one must have data concerning the distribution of the
 
neutral and the ionized components, the electric fields, and the
 
dynamical regimes, of the equatorial ionosphere.
 
The present study considers certain anomalous special fea­
tures of the distribution of ionic and neutral components of ....
 
the equatorial F2 region in the period after sunset. It relies
 
on the results of the mass-spectrometer experiment on the "Cos­
mos-274" satellite and introduces the results of calculations
 
which explain the creation of the observed anomaly in the ionic
 
component in terms of peculiarities of the night-time dynamical
 
conditions in the equatorial ionosphere.
 
*Numbers in the margin indicate pagination in the foreign text.
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Measurement Apparatus and Methods
 
For our investigation of the ionic and neutral composition
 
of the equatorial ionosphere we used the data from the mass­
spectrometric experiment conducted on board the space satellite
 
"Cosmos-274" during the period from 25 to 31 March 1969. The
 
satellite had been launched into an orbit with the following
 
parameters: perigee--213 km, apogee--323 km, inclination to
 
the equator--650 .
 
The measurement of the composition was performed by means
 
of a modified MKh 6407 P radio-frequency mass spectrometer [5].
 
The particular apparatus used in the experiment tad the follow­
ing fundamental characteristics: range of mass, 1-4 a.m.u. to /4
 
3;
12-48 a.m.u.; sensitivity to ionic concentration, 20-30 cm
 
scanning time of the spectrum of mass during the period of
 
measurement (the results of which are examined below), 2.5 sec.
 
The absolute concentration of ions was evaluated by three dif­
ferent means, all of whose values agreed in the experiment: 1)
 
a 6omputational. method using approximations and known relation­
ships at the altitude of the probe [6], 2) an approximation based
 
on the absolute calibration under laboratory conditions of an
 
identical apparatus [7], and 3) a7 comparison of the sum total
 
of ion concentrations with the value of N according to a semi­e
 
empirical model of the ionosphere [8]. The absolute concentra­
tion of the neutral component in the experiment was not deter­
mined because of the uncontrolled decline in the sensitivity of
 
the mass spectrometer after unsealing.
 
During the course of the experiment the ionic and neutral
 
compositions were measured in succession.following a program
 
which conformed to the bloc of automated instruments within the
 
apparatus. The mass analyzers were oriented in the.direction of
 
motion of the satellite. The field of view of the analyzers
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contained no surfaces of gas canisters or construction elements
 
of the satellite. The specific procedure [9] used in the exper­
iment made it possible to separate.atmospheric components from
 
the components of the satellite's gas. separators and mass analy­
zers.
 
Because of the limited dynamic range of the apparatus-­
about 103 in ionic measurement--the concentration of 0+ ions,
 
n(O+), prevailing at the altitude of the orbit of the satel­
lite was, in certain cases when the measurement of 160+ satur­
ated the amplifier current,, determined by the measurement of
 
the isotopic 180+ ion concentration using an assumed ratio of
 
isotopes 180/iO equal to 0.002.
 
During the analysis of the neutral composition, the amounts
 
of O, N2 , and 02 were regularly recorded. The mass peak at 02 /5
 
significantly exceeded the peak at 0, while the CO2 peak was
 
not less than 10-15 times smaller than the 02 peak. This tes­
tified to the almost complete recombination .of atomic oxygen
 
within the mass analyzer into 02' which made it possible to e­
valuate the relative change in the 0 concentration along the
 
orbital path of the satellite from the change in the 02 peak,
 
assuming that the recombination rate of 0 during the course of
 
the experiment did not appreciably change. The correctness of
 
that assumption under the conditions of this experiment was con­
sidered in [10].
 
Some Results of the Measurement of the Composition of the Equa­
torial F2 Region
 
The results of the measurement of the ionic composition of
 
the P2 region obtained by the experiment of the "Cosmos-274" sat­
ellite were considered in [11], while some of the data on the
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neutral composition is given in [10]. One of the most interes­
ting features of this experiment is that in a whole series of
 
instances, a significant anomaly in the latitudinal distribu­
tion of the ionic and neutral composition was observed when the
 
satellite traversed the equatorial region during the hours after
 
sunset (21.00 - 23.00 LT). By way of example, figure 1 presents
 
the data on the distribution of the ionic composition in the
 
equatorial F2 region in the hours after sunset on one particu­
lar day, and figure 2 presents the data on the distribution of
 
atomic oxygen under the same conditions,. The experimental value
 
of n(O) was normalized in fig. 2 with reference to the n(O) val­
ues predicted for the experimental conditions by the 1971 Jacchia
 
model [12]. The distribution of the ionic and neutral composi­
tion shown in figs. 1 and 2 corresponds.to undisturbed.conditions
 
(Kp = 2-3+). 
It follows from fig. 1 that in the F2 region near the geo­
magnetic equator there is a significant decline in the concen­
trations of the atomic ions H+ , N+ ,and 0 during thehours /6
 
prior to midnight. Besides the fundamental drop, there is also
 
a noticeably significant inhomogeneity of ionic concentration
 
localized immediately adjacent to the geomagnetic equator, in
 
the northern pre-equatorial region--a "subdrop" in 0 concen­
tration. The distributions of the H+ and N+ ions in the equa­
torial F2 region, in general, mimic the 0+ ion distribution.
 
++
 
The distributions of the molecular NO+ and 0 ions shown in
2
fig. 1 display a gradual decline in the concentrations of these
 
ions, which is.related to the increasing orbital altitude of
 
the satellite. In the region of the fundamental drop in n(O+
 
however, a decrease in n(NO+). and n(O+) is observed, and the 
+n() more marked than 2 + 
decline in n 2)is moemre hnthat of n(NO ) 
4 
An essential aspect of the equatorial anomaly in ionic
 
composition is the fact that ions of mass number 28* a.m.u.
 
are observed in areas of a drop in O+ions. These ions may be
 
identified either as N+ or Si+, since the mass numbers of those
2
 
two ions are so close that the mass analyzers do not distinguish
 
them. We must point out, however, that,it is difficult to ac­
count for the appearance of N+ ions in the night-time F2 region
2
 
in substantial quantities, eonsidering_ the particular equator­
ial drop of n(O+ ) in the ionic composition. In particular, as
 
the results of the mass-spectrometer measurements of the ionic
 
composition of the night-time F2 region performed on the "Salyut­
4" orbiting space station have shown [13], the appearance of
 
+
 
N ions in the night-time F2 region should be accompanied by an
2 + +Fincrease in the n(NO ), as a result of the fast'reaction N +
 
0 -- NO + + N [14]. During the declines in n(O + ) observed in 
the experiment with increases in the concentration of ions of 
28 a.m.u., n(NO+), on the contrary, declined. 
as Si+
 It is more probably correct to identify the 28+ ions 

ions. This hypothesis is confirmed by the results of direct /7
 
mass-spectrometer [3] and optical [15] measurements, which have
 
been explained by the presence of larger volume ions of meteoric

•,+ +
 
origin--Fe , Mg , and Si --in the night-time equatorial iono­
sphere at altitudes of 250-500 km. The measurement of Fe+ and 
+
 
Mg ions was not performed in our experiment due to the limited
 
mass range of the apparatus (<48 a.m.u.) and the presence of
 
harmonic peaks of molecular ions in the spectrum, which preven­
ted the reliable measurement of Mg. ions.
 
In the part of the measurements of the neutral composition
 
in the equatorial thermosphere, we observed, as fig. 2 implies,
 
a significant deviation of the experimentally measured distribu­
tion of atomic oxygen from that calculated according to the
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Jacchia model. In addition, by comparing the data presented in
 
figs. 1 and 2 we discover a noticeable correlation between the
 
distributions of n(O) and n(O+): in the region of a basic drop
 
in n(O+ ) there is-a minimum in n(O), beyond which, despite the
 
increasing altitude of the satellite orbit, there is an increase
 
in n(O), correlated with a rise in n(O+). It is difficult to
 
evaluate the N2 variation in the equatorial thermosphere from
 
the data on the direct measurements, since the value of.the N2
 
measurement is at the limit of the sensitivity of the apparatus.
 
By indirect evidence, however, in particular from the measure­
ment of the concentration of NO+ ions, which in the first ap­
proximation is proportional to k'N 2 (where k is the ratio of
 
the rate of formation of NO ions to their rate of destruction,
 
which in these conditions changes very little), we can conclude
 
that while a significant anomaly exists in the n(O) distribu­
tion, it does not exist in the latitudinal course of n(N2), at
 
least within the conditions of the experiment.
 
Thus, the resulting data provide evidence .of the existence
 
of an anomaly in the distributions both of charged and of neu­
tral components in the equatorial and low-latitude ionbsphere
 
during the hours after sunset. We emphasize that the detected /8
 
special variations in the neutral and ionic composition charac­
terize a latitudinal dependence in the distribution of charged
 
and neutral components, so long as the altitude 'and local time
 
of the.passage of the satellite through the region of the anom­
aly are not essentially changed.
 
It was suggested earlier [3]; in order to explain a similar
 
anomaly in the ionic composition detected by the mass-spectro­
meter experiment in the orbital space station "Salyut-l", that
 
the anomaly might be caused by an ascent of the equatorial F
 
layer in the hours after sunset. Such an ascent of the F layer
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has actually been detected in the results of direct measure­
ments -of the. vertical drift in the equatorial ionosphere [16].
 
It was indicated in [3] that the ascent of the F layer should
 
be accompanied by appreciable changes in the ionic composition
 
at the altitude of the F2 region in connection with the existence
 
of a significant gradient in the ion concentration below the
 
maximum of the F layer. In ordet to corroborate the possibility
 
of the formation of an anomaly in the ionic composition of Ehe
 
equatorial ionosphere as a result of a post-sunset ascent of
 
the F layer, we present below,the results of calculations of
 
the altitude distributions of 0+ and 0+ ions in the night-time
2
ionosphere, assuming an ascending drift of ionization.
 
Methods and Results of Calculation
 
The calculation of the distribution of ions in the night­
time ionosphere was performed over the altitude interval 160­
400 km on the basis of a numerical solution to the equation of
 
continuity for 0 and 02 io-ns-:­
where n.1 is the ion. concentration; t is time;- P.1 is the rate of
 
formation and L. the rate of destruction of ions; V. is the ver­
tical velocity of ions; z is the altitude. A night-time source
 
of 0 and 0 ionization is not taken into account. The arrang- 

ment of photochemical cycles of 0 and 02 at the altitudes of
 
the F2,region were taken in correspondence-with [17]. The dis­
tributions of 0 and 02 with altitude were determined for a
 
Jacchia model with T = 1000 OR, which corresponds to the con­
ditions of the experiment. The temperatures of the charged and
 
neutral particles were taken to be equal in the calculations.
 
The values of V. needed for the calculations were taken from
1
 
the data of direct-measurements-of the vertical velocity of
 
the E X H -drift in the night-time equatorial ionosphere under
 
/9 
7 
conditions similar to conditions of the experiment we conducted
 
[18]. When performing the calculations we used the difference
 
arrangement considered, in [19]. From the equilibrium condition
 
the solution internal consisted of 10 sec of time and 10 km of
 
altitude. The initial profiles of n(O + ) and n(O), adjusted to
 
2
the conditions of the experiment, were taken from [20]. The
 
changes-of n(O+ ) and n(O+) at the boundaries were assumed to be
 
exponential, with different values of exponents.
 
The results of the calculation of the distributions of 0
+
 
an +
 
and 0 ions in the night-time ionosphere with an ascending F

>2
layer'are shown in figure 3. This graph implies that the ascent
 
of the F layer should be accompanied by significant changes in
 
the absolute and relative concentrations of O+ and 02 + ions at
 
altitudes below the layer maximum. Figure 4 shows a particu­
lar aspect of the relative changes of n(0 + ) and n(02+ ) at an
 
altitude of 260 km during the ascent of the layer. The reduced
 
values were used to normalize the calculated values of ion
 
concentration to their initial values, corresponding to the
 
beginning of the ascent.
 
It is clear from fig. 4 that n(O+) in the night-time
 
ionosphere below the maximum of the F layer rapidly declines
 
during the ascent of the layer. At the same time n(02 + ) changes
 
in a more complicated fashion. So in the lower part of the F
 
layer, at an altitude of 260-270-km, where the-measurements of
 
our experiment were conducted, barely 1.5 hours after the
 
beginning of the ascent of the layer, a decline occurred in
 
the n(0 2 + ) which was also observed in the experiment. The
 
+
results of calculation, however, show that n(0 2 ) increases
 
at altitudes > 300 km more than 2-3 hours after the beginning
 
of the ascent. This agrees with the results of the experiment
 
on the OGO-6 satellite [21], where an increase in the concen­
tration of molecular ions was detected in the equatorial
 
8 
decline at an altitude of 450 km during the pre-midnight
 
hours.
 
Thus, the results of calculation at least qualitatively
 
support the possibility of the creation of an anomaly in the
 
ionic composition in the equatorial ionosphere by means of a
 
drift ascent of the F layer in the period after sunset.
 
Divergence of the experimental from the calculated values
 
can be explained by the simplified nature of the calculations.
 
Conclusion
 
The totality of the data we have presently concerning
 
the ionic composition of the equatorial ionosphere [2,3,23]
 
indicates that the phenomenon of a drop in atomic ions at
 
altitudes below the maximum of the F layer is a characteristic
 
aspect of the night-time equatorial ionosphere. The generation
 
of the drop, as was shown above, may be satisfactorily explained
 
by the ascent of the equatorial F layer which is generally
 
observed in the hours after sunset.
 
Supplementary confirmation of the connection of the
 
anomaly of the ionic composition with ascent in the ionization
 
is the appearance of ions of meteoric origin--Fe+ [23], Mg+
 
[3,15], and Si+ [15, and in our experiment]--in the region of
 
the equatorial drop. The possibility of the ascent of ions
 
of meteoric origin at the altitude of the F layer because of
 
the X Hi drift in the equatorial region was demonstrated in
 
[22]. Particularly impressive is the close correlation between
 
the distribution of Si+ ions and the drop in 0+ ions, detected
 
in the experiment, which confirms the dependence between the
 
distribution of Fe ions of meteoric origin and inhomogeneities
 
in the ionization of the night-time equatorial ionosphere con­
sidered in [2].
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We must point out the longitudinal dependence of the
 
appearance of the equatorial anomaly in ionic composition, 

which according> to the data of our experiment is drawn to the
 
Afro-Asian sector. We can assume that the longitudinal depend­
ence of the appearance of the equatorial anomaly serves to
 
reflect the longitudinal variation of the equatorial electron
 
flow [24].
 
The results of this experiment as well as the results of
 
measurements conducted earlier [25], provide evidence of the
 
existence of an anomaly in the neutral composition of the
 
equatorial thermosphere. The correlation of the anomaly of
 
the neutral composition with the anomaly in the distribution
 
of charged particles~points up the close connection between
 
the distributions of neutral and ionized components in the
 
equatorial ionosphere.
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Fig. 1. Data on ionic composition from "Cosmos-274" flight of
 
29 March 1969, plotted logarithmically as no. of ions per cm

over time of flight. The four scales identify parallel aspects
 
of the flight across the equatorial ionosphere. Top, local time
 
is given in hours; second, geomagnetic latitude in degrees;
 
third, geomagnetic longitude in degrees; bottom, altitude in
 
kilometers.
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Fig. 2 Distribution of atomic oxygen in the night-time­
equatorial thermosphere. Barred dots are experimental
 
data and the solid line the Jacchia-71 prediction. Bottom
 
scales give geomnagnetic latitude in degrees and altitude
 
in kilometers.
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rig. 3. Changes in the distributions of 0+ and 0+-ions
 
during a night-time.upward drift of the F layer. Cal­
culations of Concentration,. N, for various altitudes,
 
0.0, 1.0, 2.0, and 2.5 hours.
H, are given for.t = 
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Fig. 4 Relative fractions n(O+ )/n (O) initial and (I+
 
+ 
n(O )initial at an altitude of 260-270 km in the F layer
 
whle it rises over time T, in hours.
 
16 
